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(54) IMAGE DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve characteristics of light emission efficiency 
and chromaticity in an image display device by adding elements of group HA to 
ZnS-based phosphor to make host crystals mixed crystals. 

SOLUTION: Phosphor of Zn(1-x) MIIAxS: MIB t Mm are used, where MIIA is one or 
plural sorts of elements of group IIA in the periodic table, MIB is one or plural sorts 
of elements of group IB and MIH is one or plural sorts of elements (Sc, Y) of group 
MIIIA and elements of group MIIIB (Al, Ga, In). The image display device to realize 
improved light emission efficiency and chromaticity which conventionally have not 
been achieved can thus be provided. By thus adding the elements of group IIA to 
ZnS phosphor to make the host crystals the mixed crystals, characteristics of light 
emitting efficiency and chromaticity can be improved. 
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(57) [SK] 

2n(l-x)MIIAxS:MIB, Mill, f:f;L, MIIA 
fc L< teSStflGD^;^ MIBfiIB^7C*(7)9 ^(7)^ 
* (Sc, Y) SUMIIIBIStc* (Al, Ga, In) CO 5 *>0H> 

13**1 ZnSSSftttKIIABOT** 



mi 




10 15 20 

Mg (mol%) 



25 



30 



1 

Mt^ot, mmi&ftm*, -J©^Zn(l-x)MIIAx 
S:MIB, MIIIT^it^, fcfcfU i^+OMIIAl*, Be, M 
g, Ca. SrRl£Ba<DW(ifrt}m&*LZ>'Pte< t <b 1 m<DlU 
^TE^t ; MIBte, Cu. AgRU^Au(7)S^P 5 ^(m6^>^< 
t h 1 MOIB^5t* ; Mllltt, Al&t/Ga<D'>&< £ l 
««r$tfIII»7C*T**>D ; *LXUM>ttmxfrO< x < 

[MM 2] ±E»**fc*x35S 0.0001 <x<0.25 T-*> 

^ w fc mm i izmm<Dmmm^mw: 0 

[MM 3] *5t«^j**nfc7^-^n — h*, 

»fcot, WE**BtS:, -^Zn(l-x)MxS : 
Cu,Al-C^-fr£ x fzfzL, ^(DUte. M g> Ca&tfSrOg£ 

[MM 4] ±E»3t*^tt**3ttt, A^ft (a) 4: 

(#) t<oai*-efcD, m/*sta . 15,,.,, -e* 

»$>ot, «rffi»*Bt*, -«5t#Zn(l-x)Mgx 
S : Cu,Al-C*-fr6, fc£U i^cOMfi. Mg, Ca&tfSr 

^^#ft*ltfBrt^x^O<x<0. 07T*fe6, ZnS^M 

[If 6 ] i:E*lffiit^ x 7)*0. 0001<x<0. 07-e^>5 

[MM 7] ±E— «5£asZn(l-x)MgxS : Cu, AIT'S 
£*t5^7fcffc{-:fc^T, CugS^50M*ppm<Cu<1000 

[MM 8] *3fcBt*s»fiKSii^:7* — ^^1^— ht, 

Kttfcot, *HE»«RS\ -«55d?Zn(l-x)MxS:A 
g,Al-C*-frS, fcfcfU 5W<Z>Mti\ Mg, Ca&T>*SrGD3¥ 

#0<x<0. 2 OtfcS, Zns»Sft»-c«ricLfcr <fc* 

[MM 9] _hE— «S:^Zn(l-x)MgxS : A g> AIT'* 
^iX^^^^twio^T, Ag^S^50a*ppm<Ag<2000 

fiftppm^tSia TfeS-^^^-fs MM 8 CE8 

[«na»jNnttK9H 
[0 0 0 1] 
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[0 0 0 2] 

m&<D&ffi] aft, ^ffl^v-^^Aic^vv-cflsfs 

[0 0 0 3] ZnS****fi*7^7!>yfil^|j: 
item?* -f x ^ w **05(»flij»«fflo»fe^g3t»3feft:X 

aa»?>, rtif>z n SM**l:^^ii$ b^Sttffi 
lp|±ri*:##>bixTi^5 0 
20 [0 0 0 4] ^*l£T\ »*J»«t*fi*4rBfc*t-6fc 

3ate^BB5S*^fT^nT#fc 0 ZnSKIIA»OT*T-ifc5 
Mg^^DLT^ B B a {l:LfcZnMgS^^^^ffiv>6^fe ( t 
LTii, «^LtfWB|3P3-2 0 7 7 8 6^«|Cjo^TE 
L|g3fc3HPfl3 £ LTZnMgS:Pr a "^^iltl^ 0 

i^^fiScoMg &JRSrfflv^TZnSjrMgSS:HS3?i3: 
T, Pr 3 *o»4*^«A«:«ai:Ltt^ 0 

[0 0 0 5] fl»Jx.tf#BB5p6 -2 9 9 1 4 9 #4* 

ftTJi, ZnS:Ag*5t*^«ffitr»KSZnMgSS:iBx.^r: 
30 t i o t I^IDfe^^^^l, |; ^ t y T^tT^ft 

[0 0 0 6] J.Electrochera. Soc. 99(1952^)155 

(Cio V > TZnMgS : Cu, CI &I/ZnMgS : Ag, CI ^ftfrd o V >T „ 
Mg=5~30mol%0«SHT-«^j»®fiTI-^*t-5«3fc^'<^ 

[0 0 0 7] -r-Cfi, »*#(D^l:7 7y^^i: 
LTCHk^^^r^^r^o^ , ZnMgS:Cu,Cl j£7fc{£^o<^ 

40 *a*Bk»cttaioTv^^ 0 

[ooo8] »**fcii±<*iss*»»-ett 
*>S^M*«liSoW5E*ft4: it, MgS-ZnS^ftfi^R^ 
*5»t5Mg**ilcJ:S»^Oia;^:, 1020TC WTT^Si 
«5S^ft*»*35»b^***^(D«ffc2lO«ZnSlC»i-^M 
gSWHgRBIKco^Ttt, J. Materials. Science3 (1984 
¥)951lC$fi«£iiTt^o 
[0 0 0 9] «ft4»**0*a*tti:LT«: % rn* 
T*ZnS:Cu, Al**ft:l-oi^r, W *. f* *MI sp 4 — 1 1 6 
8 7 #gtf84> £ 9 [cf*S*|-e*>-5 Cu^t/AlC0^e/UJt$r«F 

50 j£^z^kxmm*mmmzft<mm&te&xfr&mz 



3 

[0 0 10] ^^a B B ^ZnS^3fe^^^i-5^-fe 
3 2 2 3 6 4&*n<D£?lztt&&£tt&mt&m 

[0011] CSltiftfflfl l-3 4 9 9 3 7f 

^«^«t5l-ZnS:Ag,M f Al«*fr (MflCu^fc^Au) OA 

[0 0 1 2 J ZnS**ftft:<7)|g3t?a**r3kS 

«fK, j»fe*3feZnS:Cu,Al&tr*fe|gjtZnS:A 

wcuat5Ag*szn*>f h &w&it'r\z&&#*mizx r> bi 

[0 0 13] 

»fi, ±IBtt*^ZnS^«3tfrOBgH^-Cfeo^tt«j» 
[0014] 

JR2r, — ^^Zn(l-x)MIIAxS : MIB, MIIIT^it<5, 
fcjEL, S^OMIIAte, Be. Mg, Ca, Sr&t*Batf>»a>£> 
W**l*'>/j:< £ fc lSOIIA^TC^ ; MIBtt, Cu. Ag& 
tfAua>tta>&BtfftS4>&< <t 1 IB8S5t;* ; Mill 
J3\ Al&tfGatf>'>&< fe l««:$trIIllS7c*-t?fc 
5 ; ^rLTjMSJt^x7)50< x <0. 25"efc5, ZnS^M* 

[0 0 15] fipt,, *«WOiiI«.*^$gai^ffli--5Zn 

s%kmytfc<D&m<n — ^ (f+j&#j) 

£Cu, Ag&t^AuCOW^f>awrtlS / >*< l^OIB^ 
7tm&, Zn*>T h*r**|i««T?#-5J:5(-ZnS*«# 

[0 0 16] CuCO-T^->^^r=0. 096nm, AgO-f^V^ 
gr=0. 113nnXt5AuO-f ^">-^Sr=0. 137nmW:, V^i"ixfc 
ZnCO>f^->^r=0.083nratcH:-<T±#l\ *<Dttlh, I 

[ooi7] *^-e, «**^s:a: 

*1-5fc#)fc:, ZnSldBe, Mg, Ca x SrXt^Ba<7>»^e>3B 
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[00 18] Mg*>»g\ ^O^^V^^r=0.078njn<i:Z 
n^t>*gi: 0 La>L##<b. ZnS^MgS 

^Sft^-CfcSZnMgSOSfrtt^F-ttZnSJCJt^rffi^i- 
£o 0J;tfcf, Mg^30mol%r*^a*|*rf6jT^0. OOSnmte^: 
U ctt^rrp]-C^)0. 003nmfe^:i->5o -^^fdiOIIA^TE;^ 
^^^>^@fi, *ix«P*LBed«0. 034nra, Ca^O. 106nra, 
Sr^o. 127nm, Ba^O. 143nraT^ «9 % Ca&O'Srte^tL-Ttl 

[0 0 19] :n6S45 IIASl5c*lR]d:S:tt^ 

10 -li:ttfflLTfe^I«^*^Srtt*:-c#s 0 Mg<bCa 
£»*^fri*fcZnMgCaS^f«*^ £fcl*Be£ Sr£j& 
^^fcZnBeSrS^S^-^/^^^^J^ LT^tf 6>n 

[0 0 2 0] Be<Dm^\^ ZntfM * J; 

H/Wt¥, Ba(7>4§^^igir^:ti-^50T% 
-4x^OTG*£^A^5*^^litf Mg, Ca&t/Sr 

[0 0 2 1 ] Zn^Be, Mg x Ca, Sr&tFBaOp^ 

20 e)l(ftl6^< t fe l«OIIAJS7c*(^ftftlt*x{i, 
0<x<0.25T*fo«9, TPS«Jifil75>-et|g5tab*^f6l± 
»*MM>6*L5a*, »*L<iix=O.00Om±T-fe 

So 

[0 0 2 2] ±RBiix<0.25T**>-5*^ 
tt^xOJiPg^, Cu, Ag i RUfAu<0«^e>»tfix5 / >*< 
£t> 1 i<D IB^TcifOlglC J: o T t) 0, mz-ftku 

30 >77 h-t"^ 0 

[0 0 2 3] ^/c, *f+S*lt LTfflV^SMIIIfi, A1X 
Wa<0/>/«c< l«Sr^trIII«7c*-C*>S^ -to 
f&oin^7E^<h Lr^j^i^in^sc, Ym<nffilmhW2g& 

[0 0 2 4] ^fc, IIAfli7C*K)lo-C*>6Mg«re«:jie 
B B 0 I^^DL/iZn(l-x)MgxS^||^;^T'^, , 

3 flic***, ntt«*it*«r-t<x^ix*Lr 

40 V^ 0 

J: otfT^tlT l^c 0 ZnS*iJKjl020 < Cfti£O»V ^fiS4S 
Zn(l-x)MgxS£ffil^[i\ a <h j3 OffiSfflSt^iSv^^i 
50 [0 0 2 6] A*" B B B ^ (a) £0^>K^t^^ £^ 



m < 1 tf>®in?^;i 3 ~ <b Id J: o T:£ft{fc<£>3g3fc<7)feg 
[0 0 2 7] Zn(l-x)MgxSlijgfitt;spx 

# < teZ>fttbX*&>Z> 0 Z(DX 0 irZn(l-x)Mgx S<Dm& 

fcx$z 0 

[0 0 2 8] 

(mmmmi) ^m^mm-r^zna-x^xs :cu,m 

WfcirLTZnS (fit{tffi»^») StfMgS («Mfc-^*Sx 

[0 0 2 9] ttJS#J<h LTffll^5Cutt:CuS0 4 • 5H 2 0£*£ 
*K*»LT10-4mol/mlS»£ LT»f3t*«r*n*fc 0 * 
ftS*Jt L"Cfflt>£Al«:Al(NQ,), • 9H 2 0^r«7kfC»WL 
T10-4raol/mljg»<!: LTBf3£**:*D*.fe. Mg^lmol%T* 
fcSZni.nMg,.,, S :Cu,Al*3tfl: (Cu=100M*ppro,& 
tFAl=100a*ppm) (O^O^n-enoJS^O^fifiTE 

[0 0 3 0] 

^1 Zn(l 

0 100 

0. 0001 102 

0. 001 106 

0. 01 102 

0. 02 103 

0. 03 106 

0.04 108 

0. 05 104 

0. 06 102 

0. 07 100 

0. 08 97 

0. 10 90 

0. 20 76 

0. 30 32 
Hlfl, Zn(l-x)MgxS:Cu, Al**ftO«^Jfcflg*tlc: 

"*\ HI 1 tC^^^x^ J: 5 Mg#0—7mol% (0<x<0. 0 
7) , AftWKttO. 0001—0. 06CO®HT^7tcOt@^tzc^ 
/U=?— $)4Wjftt\. 4$(C X Mg^O. lmol% (x=0.00l) trSS 
3tOt@#^*/U^~^/^6%^< i $ ib(C4mol% (x=0. 
04) ^*«»lB#i*^*-9fc**««KV^IS**r#|^. 
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fltffcffift£t& ZnS 9. 649 g 

8fk^n>">^4S MgS 0.056 g 
Cu 0. 153ral 

TJU^mm Al 0.361ml 

±iaDK».4rJ:<a*LTttj|»i-5 0 fcic, '&hfrtz1&yt 

£rg& Lfc&M, H 2 S#;* 100ml/min Sr^fftHcflc L T 

[0 0 3 1 ] Zn(l-x)MgxS : Cu, Al*3feft: (x=0. 0001, 
0.001, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 
0.08, 0.10, 0.20, 0.30) I3 X ZnS irMgSOlt^^^f^* 

[0 0 3 2] l£tz, &m<Otzlto<nZnS:Cu,hmytmXMgS 

RtfAlELhEftft^WlX , -tn^tLlOOaSppmfoi: 
20 Ltz 0 

[0033] ^(omzLxftibtiiz&ytmc^^xmm 

m&27. 5kV, Jg*t«W0. 25juA/cm\ fWi&aKOTC CO^ 
(C^-To ^^1#ttiiMgrl B H 0 it^x^O<x<O.O7T* 

a»-e*>9, mzo<x<o.osxmtix\,^z> 0 

[0 0 3 4] 

-x)MgxS:Cu, Al*3t»0«3t»tt 

0. 97 0. 60 0. 30 

0. 97 0. 60 0. 30 

0. 96 0. 60 0. 30 

0. 97 0. 59 0. 29 

0. 95 0. 57 0. 25 

0. 95 0. 56 0. 24 

0. 94 0. 54 0. 22 

0. 94 0. 52 0. 21 

0. 95 0. 54 0. 22 

0. 93 0. 53 0. 21 

0. 92 0. 52 0. 21 

0. 93 0. 50 0. 20 

0. 89 0. 46 0. 19 

0. 83 0. 39 0. 18 

[0 0 3 5] HI 2 {C«*^^*/U^-»*<?>fla»«»|t 

faX$&7jk Ltio v) x y =i. oicifivMJ ¥3:(ofa 

v\ *(n±$£te^ mmm^mm^^^xmrn-r 

50 lHlO««EffiS[y«Mg^0~10mol% (0<x<0. 10) <D®[S 



X'y ^0. 93k±$)<^mfafc&>& 0 
[0 0 3 6] H3atfH4JCtt, Zn( l-x)MgxS:Cu, A1S 

< 45l:|l6oTfeSS«Oyj|si;xlij:/hS < 

£ZnS<7)3. 7eV£ 9 < ZnSfCMgSrSSAn LTiBiS* <t 

[0 0 3 7] Zn( 1 -x)MgxS:Cu, Al**»:^^fe^|3feffl £ 
LTM«*^36«r-fleffli-^#^jcttMg^O-'lmol% (0 
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<x<0.01) <OffiH-CCIEfe£ffi«#y>0.59, x<0.31<h 

[00 3 8] Zn 0 . „ 5 Mg 0 . . 5 S: Cu, Al t 
*5ZnS:Cu, AlSjtff^*^^^ h A'SrH 5 M 
g£5mol%^J0L7t^:3fcf£ (x = 0.05) <7)^*;C0^^^g 
f2507nm. zc^/W^— \$ 2 . 45eVXtb 9 , Mg£j^DL#l/> 
3£3fef£ (Jttfc^J) -Cil^:iX^n523nra, 2. 36eV~C£)5 0 

ussS*IR(l)&t/(2) (jfilft) r*i5l^j5ffilT-#5 0 w<OG 
10 aussS!ft|ft(iy = exp(-((x-Kl)/K2)"2)-e**nSo 
[0 0 3 9] #^»<75fig«S 2 COii «9 -CfcSo 
[0 0 4 0] 



^2 aSft*-^ h^«rGaussS!ftj|-ejSflaL^»-&^S» 
MgrMalit^x Kl K2 

0 2. 36 0. 188 

0. 05 2. 45 0. 191 

Kl ISGauss^ ft ^ 60 * 'CH&B £ ^LtV^o K2 1* ft i& 60 



[^60GaussMftjS& <b ^otl^o 

[0 04 1] Znsmo20Tr ^*<nm&mj£&tt&%k 20 

MgSraaw-t-Si: 1020^ «TO&/£i&£T-fc:*:fr,Si^(0 

[0 0 4 2] m 6 7 fCMgS^20mol% (x=0. 2) & 

t>*30mol% (x=0. 3) 60»#COX^(Hl^lil^7ni- 0 [116^^^ 
n^^fCMgi^^Orao^^t/SOmo^i^iot^Tti^ t>tC7^^ 
**^4iB**ili:<Cot^5 0 Emotes 6 

ldli»^ixri^ftl^2 0=34. 5° COfeMlwMgS60tn]#Tjgg 

^MM * ti ri ^ 5 o Mgs ^ znsco mt&mw (i r co *> 

Zn(l-x)MgxS:Cu,Al^^^iiMg6OrM 0 B H it^x^O<x 30 
<0.25W«H^i3V>r^ricSixTt^o 

wffl^ li x ftUHtiPfH 7Mb &5£lc «t o X » tu-r £ r <b ^ -c 

[004 3] 

Hex(%)=1.69B/(A-h0.69XB) X 100 ••• (l) 
SK:te^THexfiA#S^ (a) 60^3^ AttT^A* 
(a) ktt&K (0) COS/j:o7^lHllfflSOii5^, BI12 
0=51.7° C0A^ B e B ^C0lHl^(D^^r^^o H18(Z± 
*(^^^6^ B a H ^CO#i^(7)Mg^^^^b^^-ro Mg 
4^1mol%7)^ 5raol%(Cif JO-T 3 <!: A* H 1^60flJ^|i 9 % 40 
7^b8 4%fcti^Pi-^> 0 A*fi5Ro/<> K=¥t^^f44 

ft*<Z>fifiJt*mri*0<iii<0. 40^teH^S* Ll\, 

[0 0 4 4] Zn(l-x)MgxS:Cu,Al*^;^^j[jPigm 
EE27.5kV , WMmM&mi00»A/cm\ ^^200^60 
*{*-ei800sec<OW, 1£ftft<D%im£{k&?f^t Zo 
[0 0 4 5] IH9{CZno. ay ,Mg 0 . oo,S:Cu,Al^7t^(D« 

mm&mcom ttmm t * z> zns : cu, ai izyttiw 50 



t h^7jki~ 0 Mg^O. lmol%0#^<bMg£^DL& 

—^1*^100%^ Lr*L^1800sec«^WStt«F*(i^ 
t>i-89%T*fco/!i 0 

[0 0 4 6] Znp. WB9 Mga..o,S:Cu,AlS3t*«-*3 

CuSftti20, 50, 100, 150, 200, 300, 500, 100 
0, 2000fi#ppm£ L7t e Ell 0(C^P>ixS«lCCu»S^ 

2oo«»ppiD-cffl*rj:*^^-a*rt*fciB^o -r-c, 
s:cu, Ai(z*t-r z>mtt^*;u*~&}mtf 9o%sx.k<D&m& 

Sfippm< [Cu] <1000fi*ppmT^ ^> 0 
[0 04 7] W±ff»LfcI^ ZnStwMg^^PLTfl 
LfcZn(l-x)MgxS:Cu,Al**«:S:J«igL^io Zn(l- 
x)MgxS:Cu, Al*3fefttt0<x<0. 07 (^*^(^(ix = 0. 000 
1-0.06) f-*5V>TZnS:Cu i Al*3t*l-lt'<T5g*C0tB» 

[0 0 4 8] *tc. MgSrifADi-SirlRfettWfeftJlc^^ 

<GaussS!*j»-ejSffili-Sr <t7)>T*#7t 0 
[0 0 4 9] 1020°C I^TO«ricaftT*fcMgSSr 

l«t5:tw*4* (a) -t^Jie*«acS: 
ft*Sw<b/55-C#fc 0 Mg4r?S*DLfc*3te»:w»ff 

ISil50m*ppni< [Cu] <1000MappraT^^T^o7t 0 
(^JS^ffi 2 ) *55WO Z n(l-x)CaxS:Cu, Al*3t(*liJ£i 

S (*fk*/u^ Srfflv^o ^^tecoj^ifsfiii 
lE^ffi^ffil ^WT*^6 0 Ca^lmol%T^6Zn 0 . „ 9 Ca 
o. o.SrC^Al^Tt^ (Cu=100a4ppmS.U ; Al = 100M4pp 

[0 0 5 0] 
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ZnS 


9. 649 g 




CaS 


0. 072 g 




Cu 


0. 153ml 


7Vi^ fiMK 


Al 


0. 361ral 
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(mffiMm 3 ) #&WOZn(l-x)SrxS:Cu, M^m^J, 
T^SR^5^*"C*ifC#5. LT SrS (OE 

TKflSl <!rfR)^-C*fe5o Sr^lmol%-Cfe5Zn 0 . 9s ,Sr 0 . 0 .S:C 
u,Al**# (Cu = 100l*ppm&tMl=100S*ppm) <7>B$ 

(0 0 5 11 

mtM$&$LB ZnS 9. 649 g 

WLi Fnyfr) SrS 0. 120 g 

Cu 0. 153ml 

TsU^mm Al 0.361ml 

£rfToTZn 0 . Sr 0 . , , S:Cu, AlS3teffc£rSiag Lfc 0 

(^JtTKlB 4 ) #389! <7> Zn (1-x-y) MgxCay : Cu, Al 

Itirl^Ec-CfcSo Mg&tfCa^ t>{-lmol%X**>^>Zn 0 . a8 M 
go.oiCao.oi -Cu.Al^^ft: (Cu= lOOjiikppm&tMl = 100 
Sftppm) <Df%cn^h^ft<Dljjin CO^*^Tl5^il 0 "C 

[0 0 5 2] 

ZnS 9. 551 g 

mt-*y*i>"}J*£Mb MgS 0. 056 g 

^ffc#A->^A£& CaS 0.072 g 

Cu 0. 153ml 

T /l>* Al 0.361ml 

±Mtim*m\<^xmmtemi ^Piftiaxi^ «aq.ji 

£tToTZn 0 . Mg 0 . 0 , Ca 0 . « , :Cu, Al^:3fe^^rM3^ Lfc e 
( MMMB 5 ) BJ! CO Zn ( 1 -x-y-z) MgxCaySr z : Cu, Al ^ 

ftmi&Ticj&^zx&xmmxz % 0 mm*±.u<Dn 

MKmtmmXhZ> 0 Mg, CaRXfiSrtft fcl£lmol%-C*> 
5Zn 0 . .rMgo. 0l Ca 0 . o. Sr 0 . ot :Cu, Al^^feft: (Cu=100H 
4ppm&l/Al=100Sl:ppm) COB^^ft^ftojj^o^ 

[0 0 5 3 J 

ZnS 9. 454 g 

SMk^+v'frAdfcft MgS 0.056 g 
mtX^i/V J*±ffi CaS 0. 072 g 

N^r) SrS 0. 120 g 



Cu 0. 153ml 

T/l^*g7& Al 0. 361ml 

±mmn^m^^xmmmmi tmmicLxm&, '&&m 

Zft^XZno . 9 t Mgo . o i Ca<> . Q , Sr 0 . 0 1 Xu, Ali&}fc#£§gi£ 

(2li£7F2f§6) *M^C0Zn(l-x)MgxS:Ag,A1^3t*^ 
Tlc^^5^T*Si^-C^5o f*e»iLTfflt>5Ag«t 
AgN0 3 mm LXiO' 4 mol/ml £ L XffifcRZ 

10 *Dx.5t 0 ■e^*fe(OJ[^3|s|.«||J6^l tmmx-*>Z> 0 Mg^ 
lmol%T*fc^Zn 0 . , s Mg 0 . 01 S:Ag, Al^^tft: (Ag=500S4p 
pro&tfAl = 200S4ppm) (Dl$<D*tl?tl<nmn<aftmte 

10 0 5 4] 

«L{fcffift£» ZnS 9. 649 g 

»Mfc^ £ A MgS 0. 056 g 

Ag 0. 451ral 

7/U*m& Al 0.722ml 

20 ^rtfo TZn 0 . . , Mg. . o , S : Ag, Al*5tfr Sr»iS L fc D 

[0 0 5 5] Zn(l-x)MgxS:Ag,Al^^iiMg<DrM B B Htt:^x 
7^0<x<0. 20 (^{£lft{::te:x = 0. 0001—0. 20) C7)®H{C 
^V^rZnS:Ag I Al*3tff(-H:^T«*Offi^^^ : ¥— 

[0 0 5 6] ^Sgft-X'** h/HiH5(i^P>ix 

-^^^o a53fc-fe>^<b LTSSADi" SAg<0 

^S*5ffl^50fi4ppm< [Cu] <2000Sfippm-em^T*fco 
/c 0 «±<7>«(£, Zn(l-x)MgxS:Ag,Ali£ft&CDm^BS 

30 mzx&nm*mm*>*mtttixmMmi tmmic&& 

7 ) *3§^6DZn (l-x)MgxS: Ag, Cu, Al *3fc#i* 

^f^HlT^^o Mg^lmol%-C£>5Zn 0 . 9a Mg 0 . o,S : Ag, Cu, 
Al^^;^ (Ag=500fi*ppm, Cu=20jrftppm&r/Al = 200 
fi&ppm) OB#<D^ix^HOM^(7)^A^Tl5tOil «9 X 

[0 0 5 7] 

Wt{kMIB^» ZnS 9.649 g 

40 ffiik^y*i/$J*±ffi MgS 0.056 g 

Ag 0.451ml 

Cu 0.031ml 

7;l-^mm Al 0.722ml 

±mmnzm\<^xnmmmi tmmcLxmat* '&&m 

SrtToTZn.. ..Mgo. •.SJAg.Cu, Al*3te«c^RiSU^ 0 ^ 

(MMftm S ) *3gWcOZn(l-x)MgxS:Cu, Ga^^friiJtU 
50 ttGa- (S0 4 ) 3 ^7K(^^«?LTl0" 3 mol/mm^^ 
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Zn 0 . 99 Mg 0 .o, S:Cu,Ga^^ft: (Cu= 100fiftppm i S.t/Ga = 1 

10 0 5 8] 

«Wfc;ffi»£» ZnS 9. 649 g 

tifcit^y^i/V^ffi MgS 0. 056 g 

Cu 0. 153ral 
tfy&^f&jg. Ga 2.301ml 

&ft o TZno . 9 . Mg 0 . o , S : Cu, Ga*ft#«r§!{ Lft a C <7) 

mmmm 9 ) *$§f^<D Z n(l-x)MgxS:Cu, Al, Ga^^lft: 

H£kmUX*&>Z> 0 Zn 0 . 9 *Mg 0 . 0 , S:Cu,Al,Ga*3fef£ (Cu = 
lOOfiSppmS.t/Al = 100ppm&t5Ga= 17 JtJippm) (D&?(0 
*tl?tl<DWM<D&mteTm<Dm*) XfrZ> 0 
[0 0 5 9] 

m<k&$£±® ZnS 9. 649 g 

faik-^y*i<"}J»£ffi MgS 0. 056 g 

Cu 0. 153ml 

7 /l>* mi& Al 0.361ml 

# y Ga 0. 230ral 

SrfT oTZno. 9 ,Mg 0 . ot S:Cu, Al,Ga^7tf*:^MitLfCo w 

(^Sfc^ffil 0) #3§f^CDZn(l-x)MgxS:Cu, Al^ftft: 

Z> 0 Mg^lmol%T*fc5Zn 0 . 9a Mg 0 . 01 S:Cu,Al^)fe# (Cu= 
100fi»ppm^U^Al = 100Sl:ppm) (D^<D^ztL^:tl<DWM 

LTBaBr. £;(JD;i/lTfE<£>ii 9 T*£>£ 0 

[0 0 6 0] 

ttfbl£»£t& ZnS 9. 649 g 

ffi1£-^y*f}J*£1® MgS 0.056 g 

ftfiSiR Cu 0. 153ml 

T/^^feW. Al 0.361ml 

^rf bX< y £ jU BaBr, 0. 297g 

fit it S 0. 5g 

LX$£f&&ft? 0 jtefci&*M:950'C <h U «fi8NfB0li2 
(^«&?gflgl 1) *«WroZn(l-x)MgxS:Au f Al*3t**i 



12 



fi, 3E*(-T»»L^SiRSr«»T-*«L 10 " W/ml<?r 

Lxmmm*i)\\z_£L 0 ^(Di^comw^mmmmi tmm 

XtbZ> 0 Mg#2 5mol%-Cfc-5Zn.. 7 *Mgo. =.S:Au f Al** 
ft (Au=SftppmSt/Al = 205Sftppm) (D^CD^tl^fth 

[006 1] 

ttfkM»*» ZnS 7. 310 g 

BMfc^* MgS 1.410g 

10 Au 0.495ml 

T^SSS Al 0.7420ml 

4rtToTZn 0 . r.Mgo. 2 «S:Au f Al*3fc*Sr»5tL^: 0 rco 

(^&6ff2fSl 2) *^^(7)Zn(l-x-y-z)MgxBeyBazS:Cu, 

LTBeC0 3 (£*%<y y <>J±±m) RXfBaS (ffi1£s< V V 

20 £>£ D Be^t^Ba^i: t>i-0. 5mol%T^«9, Mg^3molT^ 
^ Zn«. Mgo. oaBe 0 . oosBa 0 . 0 o s S :Cu, Al l&Jtfc (Cu=10 
Omfippm^ t/Al = lOOSfippm) ^&#<^;ft,^*l<7)#4i3 

[0 0 6 2] 

tt{kffi«fi*t& ZnS 9. 356 g 

$L4k~^? f *i>"?J±±ffi MgS 0. 169 g 

£*S£-< y y * BeC0 3 0. 035 g 

mk'<VVJ*Qi® BaS 0.085g 

MmW. Cu 0. 153ml 

30 T/mmm Al 0.361ml 

£ff oTZno 9«Mg 0 . 03 Be 0 . oooBao. oo 5 S:Cu, Al*3fef££ 

3) *3£§3<7)Zn(l-x)MgxS:Cu, In^ftftW 

Infiln, (S04) 3 *B7Kt^«»LriO' 8 mol/nil»»i: LTEff 

5o Zno.^Mgo.o.SXu, In**^ (Cu= lOOMftppm^I/ 
40 In = 27im*ppm) ^B#(0-t^X^tt^4*iTfS^ii «9 "C 

[0 0 6 3] 

OEfclEft£e ZnS 9. 649 g 

M,it^y^i^^Ms±m MgS 0.056 g 

Cu 0. 153ml 

*f JgfR In 2.301ml 

±mmn^m^^xmmmmi t^atM, 

SrtToTZno. v«Mgo. o.S:Cu, In**»Sr§Jtt L fc 0 
50 Jca#-C*,ofe w 
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(MMMmi 4) ^^cOZn(l-x)MgxS:Cu,Sc^7tff(i 

Zn 0 . 9 vMg 0 . 01 S:Cu, Sc^^t^ (Cu= 100jEltppm&U<Sc = 

106Bftppm) <D&f<D^:H3:j%(Dftmi* TIEOii <9 

5 e 

[0 0 6 4] 

f5ft{bffi&£& ZnS 9. 649 g 

?*i<"?J±±B MgS 0. 056 g 

^^fK Cu 0. 153ml 

X^7>v?r>^^^ Sc 2.301ml 

^rff oTZno. ,9 Mg 0 . 0 ,S:Cu, Sc^7t#£iSJat Lfc 0 :o 

[0065] ±mmmmm i - 1 4ic, -«^zna- 

x)MIIAxS :MIB, Mill, fcAcU MIlAi^TC^^iC^ 
^^>IIA^7C^ (Be, Mg, Ca, Sr, Ba) CO 9 ^oCDl^^frl 
L< I^IS^cM^tc^, MIBttlB^ffl (Cu, A 

g, au) (Do h^^-rtt^im. ^\^<\±&%m<Djt 

m, MIIIIi^t/MIIIB^Tn^ (Al, Ga, In) CO 9 ^>OV> 

[0066] *&W(DMftm$^<Dm^i>miti&M3^m 
m, mi 1 1 a, Bm^m^m^^z xnz> 

X$Z> 0 

[0 0 6 7] ±!EC0£ 5(CLT§^L£::£ftfr£/B^T 

^ktv^u^ (cdt) , &mmz/z7<yistg (p 
rt) tet*<nzf7>}>><g. iztzte, m*tkmm*&m\,^ 
tz&m/t&mm/&m (mimj m^-uv'^^y^^mm: 
^mfttemm (fed) i^if^x^^gi^^c 

[0 0 6 8] 

mmm] &T\z.mt£W£mMm&mifx&mw&t&w 

Kit # ft £ ixfc fc <7> fe S^i- S * li» 5 * fc * 
(SIS^J 1 ) 

38*7*^ ^^u-f (CDT) ^rcoi :&3&W<Dffi$i7 t 
[0 0 6 9] h 2 0rtffi(C«»fe«3t* 
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7fctt£ LrZn(l-x)MgxS:Cu,Al^ffx = 0.01CO^^^^ 
# D , **«OJB«J[|i»*-C 1 5 /i migS 

[0070] t$mm&±.tfztzit>\ci mmmKm&mm 
LxfrbmffitTkmttx&ftmzTtx* h hjjgct 

[0 0 7 1] > Mg3(DrtIl:7^U 

[0 0 7 2] fig»«aE«a36So. 25 /z A/cm" G0B#GO38ftCO 
^^-^ii2%fr±Lfc 0 rco^cociE#, 
ffi^GOyfgteO. 59, xHii0.29r**)o7to 

<3SJS« 2 ) 

$8*7^ *:/U>f » (CDT) ^2:*«WOH*f 

20 **^w>f*fi2Bfc«i tH*<o#»lc:r«l**ixT^ 

TZn(l-x)MgxS:Cu, A1^5fe*x = 0. 001 L 
tt^-Cfc n , *3tK^Kff ttft*r-e 1 5 11 m&mt L 

<t !§]«-?*> 5 0 

[0 0 7 3] JS*t«8fc*ffaS0. 25 ju A/cm 2 <Di$<7>S§ftco 
^^/U^-ab*«6%|6j±L^o r^O^COCIEfe 
&mn<OymteO. 60, xffifiO. 30-C*>ofc 0 
30 (Hftfl3) 

^^U-ftf (CDT) -t603 • &&m<Df&M J 7 t 

TZn(l-x-y)MgxCay:Cu, Al^^t^x=0. 01, y=0. 01(O^ 

[0 0 7 4] fflt>S*3te*tt5~8/iniCO*#S(7Dfi[^-e 
, *3tJ»^l»ffJi**T* 1 5 /i mm^i: Lfc 0 

40 [0 0 7 5] mammSSBt^O. 25 ^ A/cm J <D&f(D&Jt<D 

(mmm4) 

SStM^^^Vff (PRT) ^l^JgBOftjlti^^ 

x)MgxS:Ag, A1^3tfrx = 0. 001O*3t*SrM* L1t&ft 

[0 0 7 6] «3tW3^«-e«:, /7^>fCS^ 
50 y ^^*^0«*lt*S«fi:Aix-C^e>, Zn(l-x)MgxS: 
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A g . Ai**«c^7K^7^^a^ofc«3t»!Baa«s:aA 

[0 0 7 7] Zn(l-x)MgxS:Ag, M&jtmZ 10-13 ^ raff) 
*0>*HP Kff(i30/imS*i: Lite 

[0 0 7 8] fi8#tm^S^30/i A/cra 2 C0^C0^3t^>^ 10 

ffi«tf>yfi£l*0.06, xffiliO. 14Tfcof: e 
(H^J5) 

stts^^^^ff (prt) t<D2:^m(D^mmy^^ 
kmm<o&mzxmf&£tix\<^z> 0 -7=. 
-*zf\s- b2<Dftm\am&mt'%yt#b itznd- 

x)MgxS:Ag, Al*3tftx=0.04<D**ft:«:a*Lfc*3teK 
[0 0 7 9] HS.Wm^S^30^A/cm 2 (7)B#O^3t(D3i 

^^=¥— Sb^li5%fS]±L^io £fc, rGDB#(Z>ciEfeS 20 
(HlfctW 6 ) 

ftWffl^^^^* (PRT) W3:*«^SWi^7? 

-*:/V- h 2 0rtffiKfi#fe^ft*ft»:£ LTZn(l 
-x)Mgx:Ag,Cu, Al*3te#x = 0. 0 1 (D&ytfa&mifi i^tz 

*3teM3^*>6o **K3«*J6«3 i:IS]«(rLTf^» 

[0 0 8 0] flg»«»e«ft^ 30 a* A/cm 2 <ntif<D&yt<Dou 
(H^^J 7 ) 

M I Mfj^-^or ^ X^U-T^gi^lgf^cDM I MMM^ 

in. Dr^M h 7T*»fig^ttr^o, MiMii 

T-Kl lttT8B«S (Al) 8, ie»JB (A1,0 3 ) 9, ± 
««« (Ir-Pt-Au) 10t«$nTV^, 
[0 0 8 1] #C 7x-^^U- H 2 tf^lHJtCte^fi, 

LTZn(l-x)MgxS:Cu, Alfftfrx-O. 01 £^ 40 
*L*:*3tel»3as*>6 0 fflt^*3t*l*5— 8/imCO^:# 

i$<ni&*x+1h *) , *fti»<z>iRffteft;*:-e 1 5 ^ m^S<t 
l <hl^«"C*>5 0 

[0 0 8 2] mttmffi&gtfr 10 m A/cm 2 <0^(0^%(D=r. 

ffi«Wytttt0.59, xftteO. 29T* &ofc e 
(H*0ij8) 

F E DiBT'iPlirw' 7^\y^ :^J^^C0 F E D^HI^F- 
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^/MMl9(i7x-77 P l/-h2, FEDlfS 

is, y r:/w h 7t«^«^ FEDiif 
» i 8 ti^ffi i 3 , staM i 4 , &»m is, m 
6, nmm&m (mo*^) i 7t^j££*lt^3 0 

[0 0 8 3] 7x-^^l/-h2«)rtfl|II«:»fe 
^Tfefftft: <b LTZn (1-x) MgxS : Cu, Al ^^frx = 0. 01 (Of 
3fe**&*Lfc*3t«3as&S. ffl^5*3t*tt5-8/i 

m©;fc*$^tt*>c*>!^ *3t«©f»s:tt**:-c 1 5 // m 

[0 0 8 4] m$tn%L&8t& 10 ti A/cm 2 (D&f<D&Jt(D3L 

ffia&OyffiteO. 59, x«tli0.29-eS>ofc 0 
[0 0 8 5] 

f-5c*«»l*Jci3tt S IIA«5c*«:aS*D LTZ n(l-x)MII 

axs:mib, mut-tz^t -emt+itt #5 ib«tc*<d 
[Hi] **W<^*3te*^ffi»^^^=¥--S»*<OMg*3E 

it^^-^77 

[i§i2] ^m<D^iti^(Dmm^(DMgmmt^^'t^ 

77 

[IU3] *%W(75**ft:<DCIEfeftMa60Mg*^b4-^ 
•f?77 

[El 7] *:^^0*3t»:^Xj»IHlSf[gI 

[El 8] ^0^<7)f:^:^cO7 , N^^oiiJ^^Mgft^{b:$r 

[mi o] *&w<o?k 3t*^*a»^*^^— 3h*«ocu« 

stmt^-r^77 

[Ell l] ^W^^^^^co^flcflligtr^-rm^El 
[Ell 2] *|g^(OM I Mll^if^f ^7 P U^S1© 

[Ell 3] ^0^OFED^m^7 ? ^x^U'^^gc7) 

i 

2- -7x- — K 

3- *ftjB, 

4 -77 >^/U\ 

6 
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8 
9 ■ 

i o • ±umm, 

1 1 — M I MSi'S^SS, 
1 
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1 4-«St«, 
1 

i 6- -y- K 
1 7>»nmm*m* 

1 8--FED^mT-21, 

1 9-FEDSIfIf^yKgl 0 
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33 
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Ii7] 
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06f9L 
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69 
S3 
b9 



L9E* IS 



sen* 




59 

eg 
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SS 
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m 13 
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F^ — 4H001 CA02 CA04 CA06 XA04 XA12 
XA16 XA20 XA30 XA38 XA56 
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5C036 EE01 EE04 EE 19 EF01 EF06 
EF08 EG02 EG36 EH14 



